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(57) ABSTRACT

A control device controls a hydrostatic transmission vehicle
having a hydrostatic transmission including a variable dis-
placement pump and a variable displacement hydraulic
motor. The control device is configured to set a set vehicle
speed based on a forward/rearward travel command and a
gear stage command instructed by an operator, to set a torque
limit usable for the hydrostatic transmission based on an
engine speed, to set a vehicle speed limit based on a pressure
in the hydraulic circuit and the torque limit, to select a lower
one of the set vehicle speed and the vehicle speed limit, and to
control respective displacements of the variable displacement
pump and the variable displacement hydraulic motor based
on the selected vehicle speed.
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1
CONTROL DEVICE FOR HYDROSTATIC
TRANSMISSION VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a divisional application of U.S. patent application
Ser. No. 13/124,976 filed on Apr. 19, 2011. This application
claims priority to Japanese Patent Application No. 2008-
320893 filed on Dec. 17, 2008. The entire disclosures of U.S.
patent application Ser. No. 13/124,976 and Japanese Patent
Application No. 2008-320893 are hereby incorporated herein
by reference.

TECHNICAL FIELD

The present invention relates to a control device for a
hydrostatic transmission vehicle, particularly to a control
device for a hydrostatic transmission vehicle, typified by a
bulldozer, which includes a variable displacement pump to be
driven by an engine and a variable displacement hydraulic
motor to be rotated by the pressurized oil from the variable
displacement pump and is configured to be operated while the
engine speed is set to be either a high idle engine speed or a
given engine speed less than the high idle engine speed by an
operation of a fuel regulation lever (or dial).

BACKGROUND ART

Some of the work vehicles, such as bulldozers, include a
hydrostatic transmission (also hereinafter referred to as
“HST”). The hydrostatic transmission includes a variable
displacement pump and a variable displacement hydraulic
motor. The variable displacement pump is configured to be
driven by an engine, whereas the variable displacement
hydraulic motor is configured to be rotated by the pressurized
oil from the variable displacement pump. Further, the torque
absorbable by the hydrostatic transmission can be changed or
the travel speed of the vehicle can be continuously changed
through the displacement control by changing the angle of a
swash plate in the variable displacement pump or the variable
displacement hydraulic motor.

Further, the work vehicles such as bulldozers are config-
ured to be operated while the engine speed is set to be either
the high idle engine speed or a given engine speed less than
the high idle engine speed by an operation of the fuel regula-
tion lever/dial (see, e.g., Japan Laid-open Patent Application
Publication No. JP-A-2005-233420). In executing a heavy
load operation, for instance, the high idle engine speed is
selected and the engine is thus rotated at the maximum rated
engine speed. In executing a light load operation or self-
propelling, by contrast, the vehicles are operated at a low
engine speed set by an operation of the fuel regulation lever.
It is thereby possible to execute reduction in noises to be
produced in operations, reduction in fuel consumption, and
the like.

SUMMARY

The work vehicle (bulldozer) described in Patent Literature
1 is configured to be operated while the engine speed is set to
be a low engine speed less than the high idle engine speed
through the operation of the fuel regulation lever. When oper-
ated at the low engine speed less than the high idle engine
speed, the vehicle is allowed to execute operations while
keeping traction force (travel drive torque) roughly the same
as that produced at the high idle engine speed. It is thereby
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2

possible to execute reduction in noises in operations, reduc-
tion in fuel consumption, and the like. On the other hand, the
maximum vehicle speed obtained herein will be lower than
that obtained when the vehicle is operated at the high idle
engine speed.

By the way, in controlling the hydrostatic transmissions of
the well-known bulldozers, i.e., in controlling displacements
of' the variable displacement pump and the variable displace-
ment hydraulic motor, a commanded vehicle speed (vehicle
speed limit) is set in accordance with the engine speed and
displacements of the variable displacement pump and the
variable displacement hydraulic motor are respectively deter-
mined based on the commanded vehicle speed in order to
prevent engine stalls. For example, controls are executed for
allowing the displacement of the variable displacement
hydraulic motor to be increased when the engine speed is
reduced and for allowing the displacement of the variable
displacement pump to be reduced when the displacement of
the variable displacement hydraulic motor reaches the maxi-
mum displacement. In other words, the hydrostatic transmis-
sions of the well-known bulldozers are basically configured
to execute controls of limiting the respective displacements of
the variable displacement pump and the variable displace-
ment hydraulic motor based only on the engine speed.

In the aforementioned well-known control method, the
engine speed, allowing matching of an engine output torque
characteristic and a torque limit characteristic of the hydro-
static transmission, greatly varies when the load pressure in
the hydrostatic transmission (i.e., the hydraulic pressure in a
hydraulic circuit including the variable displacement pump
and the variable displacement hydraulic motor) varies as rep-
resented in FIG. 11. It should be noted that FIG. 11 is a chart
where the horizontal axis represents engine speed and the
vertical axis represents torque. In the chart, a line EL repre-
sents an engine output torque characteristic and a line I-IL
represents an absorption torque characteristic of the hydro-
static transmission for various load pressures. Further, P1
represents a condition with the largest load pressure. Pressure
under load is gradually reduced in proportion to increase in
the numeric value of P (i.e., P2, P3, . . . ) and P8 represents the
smallest pressure under load. In the case of FIG. 11, the
engine speed for matching is reduced to 1600 rpm when the
pressure under load is maximized even if the hydrostatic
transmission vehicle is operated by setting the engine speed to
be the high idle engine speed of 2270 rpm. In other words, the
engine speed for the matching varies in a range of 670 rpm by
the pressure under load.

The aforementioned large variation in the matching engine
speed due to variation in pressure under load results in reduc-
tion in the engine speed down to an engine speed range that
the engine horsepower is low especially in partial operations.
Simply put, a sufficient horsepower may not be available. It
should be noted that the term “partial operations™ refers to
operating vehicles under the condition that the engine speed is
set to a predetermined partial engine speed set to be lower
than the high idle engine speed.

Itis an object of the present invention to allow a hydrostatic
transmission vehicle equipped with a hydrostatic transmis-
sion to constantly execute stable works while variation in the
matching engine speed due to a travelling load is inhibited.

A control device for a hydrostatic transmission vehicle
according to a first aspect of the present invention is a control
device to be used for a hydrostatic transmission vehicle
equipped with a hydrostatic transmission including a variable
displacement pump to be driven by an engine and a variable
displacement hydraulic motor to be rotated by a pressurized
oil from the variable displacement pump. The control device
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includes a vehicle speed setting section, a hydraulic sensor, a
torque limit setting section, a vehicle speed limit setting sec-
tion, a vehicle speed selection section and a pump and motor
displacement control section. The vehicle speed setting sec-
tion is configured to set a set vehicle speed based on both a
forward/rearward travel command and a gear stage command
instructed by an operator. The hydraulic sensor detects a
pressure in a hydraulic circuit including the variable displace-
ment pump and the variable displacement hydraulic motor.
The torque limit setting section is configured to obtain an
engine speed and set a torque limit usable for the hydrostatic
transmission based on the obtained engine speed. The vehicle
speed limit setting section is configured to set a vehicle speed
limit based on the detected pressure in the hydraulic circuit
and the torque limit set by the torque limit setting section. The
vehicle speed selection section is configured to select a lower
one of the set vehicle speed set by the vehicle speed setting
section and the vehicle speed limit set by the vehicle speed
limit setting section. The pump and motor displacement con-
trol section is configured to control respective displacements
of'the variable displacement pump and the variable displace-
ment hydraulic motor based on the vehicle speed selected by
the vehicle speed selection section.

In the control device, set the set vehicle speed is set based
on both the forward/rearward travel command and the gear
stage command instructed by an operator. On the other hand,
the torque limit usable for the hydrostatic transmission is
calculated based on the engine speed, and the vehicle speed
limit is set based on the torque limit and the pressure in the
hydraulic circuit. Further, a lower one of the vehicle speeds
(i.e., the set vehicle speed and the vehicle speed limit) is
selected, and the respective displacements of the variable
displacement pump and the variable displacement hydraulic
motor are controlled using the selected vehicle speed.

As represented in FIG. 12, it is herein possible to keep the
engine speed, allowing matching of the engine output torque
characteristic and the torque limit of the hydraulic transmis-
sion, at a constant level even when the pressure under load
varies in the hydrostatic transmission. It should be noted that
FIG. 12 is a chart where the horizontal axis represents engine
speed and the vertical axis represents torque. In the chart, a
line EL represents an example of the engine output torque
characteristic and a line T represents an example of the
absorption torque characteristic of the hydrostatic transmis-
sion. The absorption torque characteristic is herein constant
regardless of the pressure under load. The example in FIG. 12
represents that the engine speed is limited to 1900 rpm by the
partial operation when the hydrostatic transmission vehicle is
operated by setting the engine speed to be the high idle engine
speed 02270 rpm through the operation of the fuel regulation
lever (or dial). In such as case of the absorption torque char-
acteristic represented in FIG. 12, reduction in the engine
speed is limited to 1790 rpm even when the pressure under
load is maximized under the condition. In other words, varia-
tion due to the pressure under load is inhibited to 110 rpm.

A control device for a hydrostatic transmission vehicle
according to a second aspect of the present invention relates to
the control device according to the first aspect of the present
invention. In the control device, the vehicle speed limit setting
section includes a table indicating a relation between the
vehicle speed limit and the pressure in the hydraulic circuit.
The table sets a lower speed range of the vehicle speed limit
as a pump range where the vehicle speed limit is set for
controlling the displacement of the variable displacement
pump while setting a higher speed range of the vehicle speed
limit as a motor range where the vehicle speed limit is set for
controlling the displacement of the variable displacement
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4

hydraulic motor. Further, the motor range allows the vehicle
speed limit to be increased in proportion to reduction in the
pressure.

As described above, the displacement of the variable dis-
placement hydraulic motor is herein required to be controlled
in accordance with variation in load for keeping the torque
limit constant after the displacement of the variable displace-
ment pump reaches the maximum displacement. In other
words, it is ideally desirable that the vehicle speed limit is
constant regardless of pressure in the motor range that the
vehicle speed limit is set after the displacement of the variable
displacement pump reaches the maximum displacement. In
executing the above control, however, the vehicle speed limit
varies back and forth between minimum and maximum in the
motor range even when the pressure slightly varies. In other
words, the hunting phenomenon occurs.

In response to this, the second aspect of the present inven-
tion prevents occurrence of hunting phenomenon in the dis-
placement control for the variable displacement hydraulic
motor by setting a slope trend that the vehicle speed limit is
increased in proportion to reduction in pressure in the motor
range.

A control device for a hydrostatic transmission vehicle
according to a third aspect of the present invention related to
the control device according to one of the first and second
aspects of the present invention. In the control device, the
hydraulic sensor includes a front hydraulic sensor configured
and arranged to detect the pressure in the hydraulic circuit in
a forward travel and a rear hydraulic sensor configured and
arranged to detect the pressure in the hydraulic circuit in a
rearward travel. Further, the control device further includes a
forward/rearward travel lever sensor configured and arranged
to detect a travel direction of the vehicle and a differential
pressure calculation section. The differential pressure calcu-
lation section is configured to calculate a front-rear differen-
tial pressure either by subtracting a detection value of the rear
hydraulic sensor from a detection value of the front hydraulic
sensor in the forward travel or by subtracting the detection
value of the front hydraulic sensor from the detection value of
the rear hydraulic sensor in the rearward travel based on a
result detected by the forward/rearward travel lever sensor.
The vehicle speed limit setting section is configured to set the
vehicle speed limit based on the front-rear differential pres-
sure calculated by the differential pressure section.

The aforementioned control device according to the third
aspect of the present invention is preferable for applying
either the first aspect or the second aspect of the present
invention to a hydrostatic transmission vehicle configured to
switch the forward travel and the rearward travel by changing
the rotational direction of a motor.

A control device for a hydrostatic transmission vehicle
according to a fourth aspect of the present invention relates to
the control device according to the third aspect of the present
invention. The vehicle includes a left travel unit and a right
travel unit. Further, the variable displacement pump includes
a pump for driving the left travel unit and a pump for driving
the right travel unit and the variable displacement hydraulic
motor includes a motor for driving the left travel unit and a
motor for driving the right travel unit. The control device
further includes a steering sensor configured and arranged to
detect a rightward/leftward steering stroke. Yet further, the
differential pressure calculation section is configured to cal-
culate a left front-rear differential pressure based on a detec-
tion value of the left front hydraulic sensor and a detection
value of the left rear hydraulic sensor, calculate a right front-
rear differential pressure based on a detection value of the
right front hydraulic sensor and a detection value of the right
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rear hydraulic sensor, and calculate an average front-rear
differential pressure by respectively weighting the left front-
rear differential pressure and the right front-rear differential
pressure with aresult detected by the steering lever sensor and
then averaging the weighted left front-rear differential pres-
sure and the weighted right front-rear differential pressure.
The vehicle speed limit setting section is configured to set the
vehicle speed limit based on the average front-rear differen-
tial pressure calculated by the differential pressure calcula-
tion section.

The aforementioned control device according to the fourth
aspect of the present invention is preferable for applying the
third aspect of the present invention to a hydrostatic transmis-
sion vehicle including: a left travel unit and a right travel unit;
apump and a motor for driving the left travel unit; and a pump
and a motor for driving the right travel unit.

A control device for a hydrostatic transmission vehicle
according to a fifth aspect of the present invention is a control
device to be used for a hydrostatic transmission vehicle
equipped with a hydrostatic transmission including a variable
displacement pump to be driven by an engine and a variable
displacement hydraulic motor to be rotated by a pressurized
oil from the variable displacement pump. The control device
includes a vehicle speed setting section, a pump and motor
displacement control section, a hydraulic sensor, a torque
limit setting section, a torque control pump displacement
setting section, a pump displacement selection section, a PID
control section and a motor displacement selection section.
The vehicle speed setting section is configured to set a set
vehicle speed based on both a forward/rearward travel com-
mand and a gear stage command instructed by an operator.
The pump and motor displacement control section is config-
ured to control respective displacements of the variable dis-
placement pump and the variable displacement hydraulic
motor based on the vehicle speed set by the vehicle speed
setting section. The hydraulic sensor detects a pressure in a
hydraulic circuit including the variable displacement pump
and the variable displacement hydraulic motor. The torque
limit setting section is configured to obtain an engine speed
and set a torque limit usable for the hydrostatic transmission
based on the obtained engine speed. The torque control pump
displacement setting section is configured to set a torque
control pump displacement based on the detected pressure in
the hydraulic circuit and the torque limit set by the torque
limit setting section. The pump displacement selection sec-
tion is configured to select a smaller one of the pump dis-
placement obtained through the control by the pump and
motor displacement control section and the pump displace-
ment set by the torque control pump displacement setting
section and output the selected one of the pump displace-
ments as a pump displacement command value for control-
ling the variable displacement pump. The PID control section
is configured to set the motor displacement for allowing the
hydraulic pressure in the hydraulic circuit to be a preliminar-
ily set target pressure by executing a PID control. The motor
displacement selection section is configured to select a larger
one of the motor displacement obtained through the control
by the pump and motor displacement control section and the
motor displacement set by the PID control section and output
the selected one of the motor displacements as a motor dis-
placement command value for controlling the variable dis-
placement hydraulic motor.

Similarly to the first aspect of the present invention, the
control device is configured to firstly set the vehicle speed for
enhancing a fuel efficiency and control the respective dis-
placements of the variable displacement pump and the vari-
able displacement hydraulic motor. On the other hand, the
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control device is configured to control the respective dis-
placements of the variable displacement pump and the vari-
able displacement hydraulic motor for keeping the matching
engine speed constant in order to prevent a situation that the
matching engine speed is reduced due to increase in load and
lack of the engine output is thereby caused.

In the fifth aspect of the present invention, especially, the
motor displacement is set by the PID control. Therefore, the
motor displacement can be accurately and reliably set to a
desired motor displacement.

Further, in controlling the respective displacements of the
variable displacement pump and the variable displacement
hydraulic motor based on the vehicle speed limit, it is required
to set a slope trend that the vehicle speed limit is increased in
proportion to reduction in pressure for preventing occurrence
of hunting phenomenon in the motor range that the vehicle
speed limit is set after the displacement of the variable dis-
placement pump reaches the maximum displacement, as
described in relation to the second aspect of the present inven-
tion. In the fifth aspect of the present invention, however, the
motor displacement is set through the control of the PID
control section. Occurrence of hunting phenomenon is
thereby prevented.

A control device for a hydrostatic transmission vehicle
according to a sixth aspect of the present invention relates to
the control device according to the fifth aspect of the present
invention. The hydraulic sensor includes a front hydraulic
sensor configured and arranged to detect a pressure in the
hydraulic circuit in a forward travel and a rear hydraulic
sensor configured and arranged to detect the pressure in the
hydraulic circuit in a rearward travel. The control device
further includes a forward/rearward travel lever sensor con-
figured and arranged to detect a travel direction of the vehicle
and a differential pressure calculation section. The differen-
tial pressure calculation section is configured to calculate a
front-rear differential pressure either by subtracting a detec-
tion value of the rear hydraulic sensor from a detection value
of the front hydraulic sensor in the forward travel or by
subtracting the detection value of the front hydraulic sensor
from the detection value of the rear hydraulic sensor in the
rearward travel based on a result detected by the forward/
rearward travel lever sensor. Each of the torque control pump
displacement setting section and the PID control section is
configured to set a corresponding one of the pump displace-
ment and the motor displacement based on the front-rear
differential pressure calculated by the differential pressure
calculation section.

The aforementioned control device according to the sixth
aspect of the present invention is preferable for applying the
fifth aspect of the present invention to a hydrostatic transmis-
sion vehicle configured to switch the forward travel and the
rearward travel by changing the rotational direction of a
motor.

A control device for a hydrostatic transmission vehicle
according to a seventh aspect of the present invention relates
to the control device according to the sixth aspect of the
present invention. The vehicle includes a left travel unit and a
right travel unit. The variable displacement pump includes a
pump for driving the left travel unit and a pump for driving the
right travel unit, whereas the variable displacement hydraulic
motor includes a motor for driving the left travel unit and a
motor for driving the right travel unit. Further, the control
device further includes a steering lever sensor configured and
arranged to detect a rightward/leftward steering stroke. The
differential pressure calculation section is configured to cal-
culate a left front-rear differential pressure based on a detec-
tion value of the left front hydraulic sensor and a detection
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value of the left rear hydraulic sensor, calculate a right front-
rear differential pressure based on a detection value of the
right front hydraulic sensor and a detection value of the right
rear hydraulic sensor, and calculate an average front-rear
differential pressure by respectively weighting the left front-
rear differential pressure and the right front-rear differential
pressure with a detection value of the steering lever sensor
and then averaging the weighted left front-rear differential
pressure and the weighted right front-rear differential pres-
sure. Each of the torque control pump displacement setting
section and the PID control section is configured to set a
corresponding one of the pump displacement and the motor
displacement based on the front-rear differential pressure
calculated by the differential pressure calculation section.

The aforementioned control device according to the sev-
enth aspect of the present invention is preferable for applying
the sixth aspect of the present invention to a hydrostatic
transmission vehicle including: a left travel unit and a right
travel unit; a pump and a motor for driving the left travel unit;
and a pump and a motor for driving the right travel unit.

According to the present invention described above, the
hydrostatic transmission vehicle equipped with the hydro-
static transmission is allowed to constantly execute stable
works while inhibiting variation in the matching engine speed
due to a travelling load.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an external perspective view of a bulldozer adopt-
ing an exemplary embodiment of the present invention.

FIG. 2 is a diagram illustrating a system including hydrau-
lic and control circuits of the bulldozer.

FIG. 3 is a functional block diagram of a controller of the
bulldozer.

FIG. 4 is a functional block diagram of a vehicle speed/
engine speed setting section.

FIG. 5 is a chart representing the engine speed, the pump
displacement and the motor displacement in a low rotation
matching processing.

FIG. 6 is a table representing the relation between travel
states of the vehicle and differential pressures of the hydraulic
circuit.

FIG.7is afunctional block diagram of a vehicle speed limit
setting section.

FIG. 8 is a functional block diagram of the vehicle speed
limit setting section.

FIG. 9 is a functional block diagram of a pump and motor
displacement control section.

FIG. 10 is a functional block diagram of a steering control
section.

FIG. 11 is a chart representing an engine output torque
characteristic and an HST torque limit characteristic in the
well-known bulldozers.

FIG. 12 is a chart representing an engine output torque
characteristic and an HST torque limit characteristic in the
bulldozer adopting the exemplary embodiment of the present
invention.

FIG. 13 is a functional block diagram of a controller
according to a second exemplary embodiment.

FIG. 14 is a functional block diagram of a pump and motor
displacement control section according to the second exem-
plary embodiment.

FIG. 15 is a functional block diagram of a controller
according to a third exemplary embodiment.
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FIG. 16 is a functional block diagram of a stall prevention
control section according to the third exemplary embodiment.

DESCRIPTION OF THE EMBODIMENTS

A control device according to an exemplary embodiment
of the present invention is mounted in, for instance, a bull-
dozer as a hydrostatic transmission vehicle. In the following
explanation, the bulldozer will be exemplified as a hydrostatic
transmission vehicle.

Overall Structure of Bulldozer

As illustrated in FIG. 1, a bulldozer 1 includes a cab (oper-
ating room) 2, apair of a left travel unit 3 and a right travel unit
4, a work implement 5, a main frame (not illustrated in the
figures) and a pair of track frames 6.

The main frame is a base member forming the framework
of the bulldozer 1. The work implement 5 is mounted on the
front part of the main frame. The travel unit 3 is mounted on
the left side of the main frame, whereas the travel unit 4 is
mounted on the right side of the main frame. The cab 2 is
mounted on the top of the main frame.

The track frames 6 are attached to the right and left sides of
the main frame. It should be noted that FIG. 1 illustrates only
the left-side track frame.

The left-side travel unit 3 is attached to the left-side track
frame 6, whereas the right-side travel unit 4 is attached to the
right-side track frame 6. The right-side travel unit 3 includes
a crawler belt 3a, whereas the left-side travel unit 4 includes
a crawler belt 4a. Each of the crawler belts 34 and 4q is an
endless belt formed by coupling a plurality of plate-like
shoes. Each of the crawler belts 3a and 4a is wrapped around
a plurality of rollers disposed up and down. Circulations of
the crawler belts 3a and 4a allow the bulldozer 1 to travel over
irregular terrain.

The cab 2 is disposed on the rear part of the main frame.
The cab 2 is equipped with a seat allowing an operator to sit
thereon, levers for executing a variety of operations, switches
for setting the vehicle speed, pedals, meters and gauges, and
the like in the inside thereof. It should be noted that a steering
lever and a fuel regulation lever (or a fuel regulation dial) are
included in the levers for a variety of operations. The engine
speed is allowed to be regulated in a range from a low idle
speed (minimum engine speed) to a high idle speed (maxi-
mum engine speed) through the operation of the fuel regula-
tion lever. A given engine speed between the low idle speed
and the high idle speed is herein defined as a partial engine
speed. An operation at the partial engine speed is defined as a
partial operation. Further, a shift-up button and a shift-down
button are included in the switches for setting the vehicle
speed.

The work implement 5 includes a blade 7 and a pair of
hydraulic cylinders 8. The blade 7 is allowed to be moved and
tilted in a predetermined direction in conjunction with expan-
sion and contraction of the pair of hydraulic cylinders 8.

Hydraulic Circuit System

FIG. 2 illustrates the overview of the system mainly includ-
ing a hydraulic circuit of the present vehicle. As illustrated in
FIG. 2, an output shaft of an engine 20 is coupled to a drive
shaft of a left variable displacement pump 21 and a drive shaft
of a right variable displacement pump 22. A swash plate 21a
of'the left variable displacement pump 21 is driven and set to
be in a given tilt position (i.e., at a given tilt angle) by a left
pump swash plate drive unit 23, whereas a swash plate 22a of
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the right variable displacement pump 22 is driven and set to be
in a given tilt position (i.e., at a given tilt angle) by a right
pump swash plate drive unit 24.

On the other hand, a sprocket wheel 25 included in the left
travel unit 3 is coupled to a drive shaft of a left variable
displacement hydraulic motor 30 through a left final reduc-
tion gear 27, whereas a sprocket wheel 26 included in the right
travel unit 4 is coupled to a drive shaft of a right variable
displacement hydraulic motor 31 through a right final reduc-
tion gear 28. A swash plate 30a of the left variable displace-
ment hydraulic motor 30 is driven and set to be in a given tilt
position (i.e., at a given tilt angle) by a left motor swash plate
drive unit 32, whereas a swash plate 31a of the right variable
displacement hydraulic motor 31 is driven and set to be in a
given tilt position (i.e., at a given tilt angle) by a right motor
swash plate drive unit 33.

It should be noted that a left brake unit 34 is disposed on the
drive shaft of the left variable displacement hydraulic motor
30 for stopping rotations of the left variable displacement
hydraulic motor 30, whereas a right brake unit 35 is disposed
on the drive shaft of the right variable displacement hydraulic
motor 31 for stopping rotations of the right variable displace-
ment hydraulic motor 31.

Further, an input/output port 306 of the left variable dis-
placement hydraulic motor 30 is connected to a discharge/
intake port 215 of the left variable displacement pump 21
through an oil path 38, whereas an output/input port 30c¢ of the
left variable displacement hydraulic motor 30 is connected to
an intake/discharge port 21¢ of the left variable displacement
pump 21 through an oil path 39.

Likewise, an input/output port 315 of the right variable
displacement hydraulic motor 31 is connected to a discharge/
intake port 225 of the right variable displacement pump 22
through an oil path 40, whereas an output/input port 31¢ of the
right variable displacement hydraulic motor 31 is connected
to an intake/discharge port 22¢ of the right variable displace-
ment pump 22 through an oil path 41.

In the aforementioned system configuration, signals are
inputted into a controller 50 from a variety of sensors, and the
pump swash plate drive units 23 and 24 of the variable dis-
placement pumps 21 and 22, and the motor swash plate drive
units 32 and 33 of the variable displacement hydraulic motors
30 and 31 are configured to be driven and controlled by
control signals outputted from the controller 50.

Further, the controller 50 is configured to send an engine
speed command signal to an engine controller 50a based on
signals from a variety of sensors. The engine controller 50a is
configured to control the engine 20 based on the received
engine speed command signal.

Control Blocks
First Exemplary Embodiment

FIG. 3 illustrates a control block diagram of the present
vehicle according to a first exemplary embodiment. FIG. 3
illustrates a variety of sensors connected to the controller 50
and also illustrates functions of the controller 50 as blocks.

Sensor

A steering lever sensor 51, a forward/rearward travel lever
sensor 52, a shift-up/shift-down button sensor 53 and a
hydraulic sensor 54 for detecting pressures of the respective
oil paths illustrated in FIG. 2 are connected to the controller
50. Further, a signal indicating the engine speed is inputted
into the controller 50. It should be noted that the engine speed
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signal may be inputted into the controller 50 either from the
engine controller 50a or directly from an engine speed sensor
disposed in the engine 20. The steering lever sensor 51 is a
sensor for detecting a rightward/leftward stroke of a steering
lever operated by an operator. The forward/rearward travel
lever sensor 52 is a sensor for detecting which travel is
instructed by an operator either the forward travel or the
rearward travel. The shift-up/shift-down sensor 53 is a sensor
for detecting which button is operated by an operator either
the shift-up button or the shift-down button. The gear stage,
instructed by an operator, is thus detected. As illustrated in
FIG. 2, the hydraulic sensor 54 includes a sensor 544, a sensor
54b, a sensor 534¢ and a sensor 54d. The sensor 54a detects the
hydraulic pressure to be supplied to the right travel unit 4 in
the forward travel. The sensor 545 detects the hydraulic pres-
sure to be supplied to the left travel unit 3 in the forward travel.
The sensor 54¢ detects the hydraulic pressure to be supplied
to the right travel unit 4 in the rearward travel. The sensor 544
detects the hydraulic pressure to be supplied to the left travel
unit 3 in the rearward travel.

Controller

The controller 50 includes a vehicle speed/engine speed
setting section 60, a differential pressure calculation section
61, a stall prevention control section 62, a vehicle speed
selection section 63, a pump and motor displacement control
section 64, a pump control section 65, a motor control section
66 and a steering control section 67.

Vehicle Speed/Engine Speed Setting Section 60

FIG. 4 illustrates the vehicle speed/engine speed setting
section 60 in detail. The vehicle speed/engine speed setting
section 60 includes a vehicle speed setting section 73 and a
low rotation matching engine speed setting section 72. The
vehicle speed setting section 73 includes a gear stage setting
section 70, and a gear stage and vehicle speed correspondence
section 71. The vehicle speed setting section 73 is a section
configured to set the vehicle speed in correspondence with an
instructed gear stage. Further, the low rotation matching
engine speed setting section 72 is a section configured to set
the engine speed to a predetermined partial engine speed
when the set vehicle speed is in a preliminarily set low and
intermediate speed range.

The gear stage setting section 70 is a section configured to
set the gear stage in response to the signal inputted thereto
from the shift-up/shift-down button sensor 53. A shift mode
for allowing a quick gear shifting (e.g., three-stage gear shift-
ing is available) and a shift mode for allowing a minute gear
shifting (e.g., 19-stage gear shifting is available) are herein set
for the vehicle of the present exemplary embodiment,
although detailed explanation thereof will be hereinafter
omitted. Therefore, the gear stage is herein configured to be
set in accordance with the shift mode and the operator’s
setting for the shift buttons.

The gear stage and vehicle speed correspondence section
71 is a section storing a table indicating the correspondence
between the gear stage and the set vehicle speed. Therefore, it
is herein possible to obtain a vehicle speed (i.e., the maximum
vehicle speed at a set gear stage) corresponding to a gear stage
set in the gear stage setting section 70. It should be noted that
the gear stage and vehicle speed correspondence section 71
separately storing a table for the forward travel and a table for
the rearward travel.

The low rotation matching engine speed setting section 72
is a section configured to set the upper limit of the engine
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speed to a low matching engine speed lower than a high idle
engine speed when the vehicle speed set in the gear stage and
vehicle speed correspondence section 71 is in the preliminar-
ily set low and intermediate speed range. This is specifically
represented in an exemplary case of FIG. 5 with a character-
istic Et. Even if an operator sets the engine speed to be the
high idle engine speed (2270 rpm: full mode operation) by
operating the fuel regulation lever (or the fuel regulation dial),
an engine control signal is configured to be outputted for
rotating the engine at an engine speed (i.e., 1900 rpm: partial
engine speed) lower than the high idle engine speed when the
operator’s set vehicle speed is in the range of 0-7.8 km/h. By
contrast, an engine control signal is configured to be output-
ted for increasing the engine speed up to the high idle engine
speed in proportion to increase in the set vehicle speed when
the set vehicle speed is in the high speed range equal to or
greater than 7.8 km/h.

It should be noted that FIG. 5 represents the table stored in
the low rotation matching engine speed setting section 72 and
a table stored in the pump and motor displacement control
section 64 to be described in a superimposed manner.

Differential Pressure Calculation Section 61

The differential pressure calculation section 61 is firstly
configured to calculate a differential pressure based on a logic
represented in FIG. 6 using results detected by the forward/
rearward travel lever sensor 52 and the respective hydraulic
sensors 54a to 544 as follows.

(a) When the forward/rearward travel lever is set to be in
either the forward travel position or the neutral position:

(a-1) Left front-rear differential pressure (AP, )=Left front
pressure (P54b)-Left rear pressure (P54d)

(a-2) Right front-rear differential pressure (APz)=Right
front pressure (P54a)-Right rear pressure (P54c)

(b) When the forward/rearward travel lever is set to be in
the rearward travel position:

(b-1) Left front-rear differential pressure (AP, )=Left rear
pressure (P54d)-Left front pressure (P54b)

(b-2) Right front-rear differential pressure (APz)=Right
rear pressure (P54c)-Right front pressure (P54a)

It should be noted that the term “left” in the term “left
front-rear differential pressure” refers to a hydraulic circuit
for driving the left travel unit 3, whereas the term “right” in
the term “right front-rear differential pressure” refers to a
hydraulic circuit for driving the right travel unit 4. Further, the
term “front” in the above terms refers to a side of the hydraulic
circuit that the hydraulic pressure is supplied in the forward
travel, whereas the term “rear” in the above terms refers to a
side of the hydraulic circuit that the hydraulic pressure is
supplied in the rearward travel.

Further, the differential pressure calculation section 61 is
configured to calculate a vehicle speed limit setting differen-
tial pressure (AP) based on the following equation (Math. 1)
using the left front-rear differential pressure (AP, ), the right
front-rear differential pressure (APy) and a result detected by
the steering lever sensor 51.

AP=(AP;xST;+APpxSTy)/2 (Math. 1)

Specifically, the differential pressure calculation section 61
is configured to respectively weight the left front-rear difter-
ential pressure (AP;) (i.e., the differential pressure between
the left front hydraulic sensor 545 and the left rear hydraulic
sensor 54d) and the right front-rear differential pressure
(AP) (i.e., the differential pressure between the right front
hydraulic sensor 54a and the right rear hydraulic sensor 54c¢)
with the result detected by the steering lever sensor 51. Fur-
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ther, the differential pressure calculation section 61 is config-
ured to calculate average of the weighted left front-rear dif-
ferential pressure and the weighted right front-rear
differential pressure. Accordingly, the obtained average is set
as the vehicle speed limit setting differential pressure (AP).

In the above equation, ST, is a command value related to
the leftward tilt of the steering lever. ST; is —~100% when the
steering lever is maximally tilted leftwards, whereas ST, is
100% when the steering lever is set to be in the neutral
position. On the other hand, ST, is a command value related
to the rightward tilt of the steering lever. ST, is —=100% when
the steering lever is maximally tilted rightwards, whereas ST,
is 100% when the steering lever is set to be in the neutral
position.

Seen from an operator, the steering lever is herein allowed
to be tilted both rightwards and leftwards about the neutral
position. The neutral position herein corresponds to “straight
travel” ofa work vehicle 1. A leftward tilt corresponds to “left
turn” of the work vehicle 1, whereas a rightward tilt corre-
sponds to “right turn” of the work vehicle 1.

When the steering lever is positioned in the neutral position
(i.e., an operation stroke is 0%), a left steering command for
the left crawler belt 3a is 100% and a right steering command
for the right crawler belt 4a is also 100%. The right steering
command for the right crawler belt 4a is reduced in propor-
tion to increase in the rightward operation stroke of the steer-
ing lever. Likewise, the left steering command for the left
crawler belt 3a is reduced in proportion to increase in the
leftward operation stroke of the steering lever. A detection
electric signal, indicating the rightward/leftward operation
stroke detected by the steering lever sensor 51, is inputted into
the steering control section 67. Accordingly, the following
control will be executed.

First, right turning will be explained.

The right steering command ST is reduced from 100% to
-100% (i.e., rightward full stroke) in proportion to increase in
the rightward operation stroke of the lever. On the other hand,
the left steering command ST is herein kept to be 100%.

When the right steering command STy is in the range of
100% to 0%, the right crawler belt 4a and the left crawler belt
3a circulate in the same direction and turning is executed in
accordance with a ratio of the right steering command ST,
with respect to the left steering command ST, of 100%. When
the right steering commands ST, of 80% and 30% are com-
pared, for instance, the turning radius for the right steering
command ST 0f 80% is greater than that for the right steering
command ST, of 30%.

When the right steering command ST, is 0%, a right pivot
turning is executed. Simply put, the right crawler belt 4a stops
circulating while only the left crawler belt 3a circulates at
100%.

When the right steering command ST, is —100% (right-
ward full stroke), on the other hand, a spin turning is executed.
Simply put, the right crawler belt 4a and the left crawler belt
3a circulate in opposite directions at the same circulation
speed.

Likewise, left turning is executed. Specifically, the left
steering command ST; is reduced from 100% to —100% (left-
ward full stroke) in proportion to increase in the leftward
operation stroke of the lever. On the other hand, the right
steering command ST is kept to be 100%.

When the left steering command ST; is in the range of
100% to 0%, the left crawler belt 3a and the right crawler belt
4a circulate in the same direction and turning is executed in
accordance with aratio of the left steering command ST, with
respect to the right steering command ST of 100%. When the
left steering commands ST, of 80% and 30% are compared,
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for instance, the turning radius for the left steering command
ST, of 80% is greater than that for the left steering command
ST, of 30%.

When the left steering command ST, is 0%, a left pivot
turning is executed. Simply put, the left crawler belt 3a stops
circulating while only the right crawler belt 4a circulates at
100%.

When the left steering command ST; is —=100% (leftward
full stroke), on the other hand, a spin turning is executed.
Simply put, the left crawler belt 3a and the right crawler belt
4a circulate in opposite directions at the same circulation
speed.

It should be noted that the steering commands ST and ST,
are outputted to the pump control section 65 to be described
and are then converted into pump displacement ratios.

Stall Prevention Control Section 62

FIG. 7 illustrates the stall prevention control section 62 in
detail. As illustrated in FIG. 7, the stall prevention control
section 62 includes a torque limit setting section 75 for
obtaining a torque limit from the engine speed and a vehicle
speed limit setting section 76.

The vehicle speed limit setting section 76 illustrated in
FIG. 7 herein stores a relation for obtaining the vehicle speed
limit based on the torque limit Tp and the vehicle speed limit
setting differential pressure AP, as illustrated in FI1G. 8. More
specifically, the vehicle speed limit setting section 76 stores
the relation that the vehicle speed limit is increased in pro-
portion to increase in the torque limit Tp and the vehicle speed
limit is reduced in proportion to reduction in the torque limit
Tp even when the vehicle speed limit setting differential
pressure AP is constant. In the chart representing the charac-
teristic, a relatively low vehicle speed limit range corresponds
to a pump range, whereas a relatively high speed limit range
corresponds to a motor range.

The pump range is a range where the vehicle speed is
changed by changing the pump displacement and keeping the
motor displacement at a maximum level (see FIG. 5, details
thereof will be described below). In the pump range, the pump
displacement is controlled for constantly keeping the torque
limit (i.e., the absorption toque of the hydrostatic transmis-
sion). In other words, the pump range is a range where the
toque limit can be controlled by controlling the pump dis-
placement.

The motor range is a range where the vehicle speed is
changed by changing the motor displacement and keeping the
pump displacement at a maximum level (see FIG. 5, details
thereof will be described below). In the motor range, the
torque limit is required to be controlled as depicted with a
dashed dotted line Pc in the chart for keeping the torque limit
constant. In executing such a control, however, the vehicle
speed limit varies back and forth between minimum and
maximum even when the vehicle speed limit setting differen-
tial pressure AP slightly varies. In other words, a hunting
phenomenon occurs.

In response to the above, occurrence of the hunting phe-
nomenon is prevented in the displacement control of the
variable displacement hydraulic motor by setting a slope
trend (i.e., a characteristic Tp') that the pressure is reduced in
proportion to increase in the vehicle speed limit without keep-
ing the pressure constant in the motor range.

Vehicle Speed Selection Section 63

The vehicle speed selection section 63 is configured to
compare the set vehicle speed set by the vehicle speed/engine
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speed setting section 60 and the vehicle speed limit set by the
stall prevention control section 62 (the vehicle speed limit
setting section 76) and select the lower one of the above
vehicle speeds as “a commanded vehicle speed”.

Pump and Motor Displacement Control Section 64

FIG. 9 illustrates the pump and motor displacement control
section 64 in detail. The pump and motor displacement con-
trol section 64 includes a pump displacement setting section
78 and a motor displacement setting section 79. The pump
displacement setting section 78 stores a table of values of
displacement of the variable displacement pump (hereinafter
simply referred to as “pump displacement”) corresponding to
the respective commanded vehicle speeds selected by the
vehicle speed selection section 63, whereas the motor dis-
placement setting section 79 stores a table of values of dis-
placement of the variable displacement hydraulic motor
(hereinafter simply referred to as “motor displacement”) cor-
responding to the respective commanded vehicle speeds
selected by the vehicle speed selection section 63. Then, the
pump displacement setting section 78 is configured to set the
pump displacement in accordance with the vehicle speed
selected by the vehicle speed selection section 63, whereas
the motor displacement setting section 79 is configured to set
the motor displacement in accordance with the vehicle speed
selected by the vehicle speed selection section 63. Specifi-
cally, the pump displacement setting section 78 is configured
to increase the pump displacement in proportion to increase
in the commanded vehicle speed until the pump displacement
is maximized, i.e., until the commanded vehicle speed
reaches, for instance, 3.5 knv/h. Further, the pump displace-
ment setting section 78 is configured to keep the pump dis-
placement constant after the pump displacement reaches the
maximum displacement. On the other hand, the motor dis-
placement setting section 79 is configured to keep the motor
displacement constant until the pump displacement is maxi-
mized, i.e., until the commanded vehicle speed reaches, for
instance, 3.5 km/h. Further, the motor displacement setting
section 79 is configured to gradually reduce the motor dis-
placement in proportion to increase in the commanded
vehicle speed after the pump displacement reaches the maxi-
mum displacement. Displacement control signals are config-
ured to be outputted for executing the aforementioned con-
trols of the variable displacement pump and the variable
displacement hydraulic motor.

In the present exemplary embodiment, the table of pump
displacement versus commanded vehicle speed in the pump
displacement setting section 78 and the table of motor dis-
placement versus commanded vehicle speed in the motor
displacement setting section 79 are herein set for allowing the
vehicle speed to reach the vehicle speed set by the vehicle
speed setting section 73 even when the engine is rotated at the
partial engine speed.

As described above, FIG. 5 represents the table in the low
rotation matching engine speed setting section 72 and the
table in the pump and motor displacement control section 64
to be described in a superimposed manner. In FIG. 5, a pump
displacement Pq and a motor displacement Mg are set for
obtaining the set vehicle speed when the engine is rotated at
the partial engine speed (1900 rpm) in the low and interme-
diate speed range. A part of the low and intermediate speed
range with a relatively low set vehicle speed corresponds to a
pump range that the vehicle speed is changed by changing the
pump displacement with keeping the motor displacement at
the maximum level. On the other hand, the other part of the
low and intermediate speed range with a relatively high set
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vehicle speed corresponds to a motor range that the vehicle
speed is changed by changing the motor displacement with
keeping the pump displacement at the maximum level. The
pump range and the motor range in FIG. 5 respectively cor-
respond to the pump range and the motor range in FIG. 8.

The high speed range is a range that the vehicle speed
cannot reach the set vehicle speed by controlling the variable
displacement pump and the variable displacement hydraulic
motor. In response to this, the vehicle speed is changed by
controlling the engine speed in the high speed range, as
described above. Specifically, the engine speed is increased to
the high idle engine speed in proportion to increase in the set
vehicle speed

Pump Control Section 65

The pump control section 65 is configured to convert a
pump displacement command outputted from the pump and
motor displacement control section 64 into an electric com-
mand by adding commands of the right/left steering lever and
the forward/rearward travel lever thereto, and is then config-
ured to output the electric command as a control command to
the left pump swash plate drive unit 23 and the right pump
swash plate drive unit 24.

Motor Control Section 66

The motor control section 66 is configured to convert a
motor displacement command outputted from the pump and
motor displacement control section 64 into an electric com-
mand and output the electric command as a control command
to the left motor swash plate drive unit 32 and the right motor
swash plate drive unit 33.

Steering Control Section

FIG. 10 illustrates the steering control section 67 in detail.
The steering control section 67 is a section configured to
convert the lever stroke detected by the steering lever sensor
51 into a right/left steering command. The steering control
section 67 includes a conversion table 82 indicating the cor-
respondence between the lever stroke and the command value
as illustrated in FIG. 10. It should be noted that FIG. 10
represents the relation between a steering lever stroke and a
right steering command. However, the basic configuration for
the conversion in the relation between the steering lever
stroke and the right steering command is similar to that in the
relation between a steering lever stroke and a left steering
command, although the tables (i.e., maps) for the relations are
different from each other only due to their bilateral symmetry.

Control Processing

Next, a control processing to be executed by the controller
50 will be explained with reference to FIGS. 3 to 7.

Low Rotation Matching Processing

First, a low rotation matching processing to be executed by
the controller 50 will be explained. The low rotation matching
processing is a processing of operating the bulldozer by auto-
matically setting the engine speed to the partial engine speed
when the commanded vehicle speed is in the low and inter-
mediate speed range in consideration of the current usage
condition of the bulldozer. It should be noted that the pump
and motor displacements are controlled in consideration of
the torque limit as well in the actual control processing. For
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the sake of simple explanation, the control in consideration of
only the low rotation matching will be herein firstly
explained.

The low rotation matching processing is mainly executed
by the vehicle speed/engine speed setting section 60 and the
pump and motor displacement control section 64. Specifi-
cally, when receiving either a shift-up instruction or a shift-
down instruction from an operator, the gear stage setting
section 70 is configured to set the gear stage in response to the
received instruction. Subsequently, the gear stage and vehicle
speed correspondence section 71 is configured to set the set
vehicle speed corresponding to the set gear stage. It should be
noted that the set vehicle speed is set using the forward-travel
table in the forward travel and is set using the rearward-travel
table in the rearward travel.

When the gear stage and vehicle speed correspondence
section 71 sets the vehicle speed, the low rotation matching
engine speed setting section 72 is configured to set the engine
speed based on the set vehicle speed. As described above, the
table (the characteristic Et) represented in FIG. 5 is prelimi-
narily provided for the low rotation matching engine speed
setting section 72. Therefore, the engine speed is set to 1900
rpm as the partial engine speed when the set vehicle speed is
in the preliminarily set low and intermediate speed range.
Even when an operator herein sets the engine speed to the
high idle engine speed, the engine speed is configured to be
automatically set to the partial engine speed.

As described above, the pump displacement Pq and the
motor displacement Mq are set for achieving the set vehicle
speed when the engine is rotated at the partial engine speed
(i-e., 1900 rpm) in the low and intermediate speed range. In
the high speed range, by contrast, the engine speed is con-
trolled for achieving the set vehicle speed.

Even if an operator thus sets the engine speed to the high
idle engine speed, the engine speed is automatically limited to
the partial engine speed when the set vehicle speed is in the
low and intermediate speed range. Therefore, low fuel con-
sumption can be achieved. By contrast, a required vehicle
speed is achieved by controlling the engine speed when the
set vehicle speed is in the high speed range. Therefore, the
maximum vehicle speed is prevented from being lowered
than the maximum vehicle speeds of the well-known bulldoz-
ers. Overall, even if an operator operates the bulldozer at the
high idle engine speed, the fuel efficiency of the bulldozer can
be better than the fuel efficiencies of the well-known bulldoz-
ers while the maximum vehicle speed can be achieved on
roughly the same level as the maximum vehicle speeds of the
well-known bulldozers.

Torque Control Processing

In the pump and motor displacement controls of the well-
known bulldozers, the engine speed, allowing matching
between the engine output torque characteristic and the
torque limit characteristic of the hydrostatic transmission,
widely varies in response to variation in load pressure as
described above. This is not preferable for executing the low
rotation matching processing.

In response to this, the torque control is executed and the
torque limit is set based on the engine speed in the present
exemplary embodiment, as explained in the above paragraphs
of the stall prevention control section 62. As represented in
FIG. 12, a torque limit characteristic T can be represented by
a single line of characteristic by executing the torque control.
Even when the low rotation matching processing is herein
executed, variation in the matching engine speed can be lim-
ited to be in a range of, for instance, roughly 110 rpm.
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In executing the torque control, the differential pressure
calculation section 61 is firstly configured to calculate the left
front-rear differential pressure and the right font-rear difter-
ential pressure. This has been described in detail in the para-
graphs explaining the differential pressure calculation section
61.

The stall prevention control section 62 is configured to set
the vehicle speed limit based on the differential pressure
calculated by the differential pressure calculation section 61
and the engine speed. This has been described in detail in the
paragraphs explaining the stall prevention control section 62.

When the vehicle speed limit is set, the vehicle speed
selection section 63 is configured to compare the vehicle
speed limit herein set and the aforementioned set vehicle
speed set by the vehicle speed/engine speed setting section 60
and select a lower one of the vehicle speeds.

Next, the pump and motor displacement control section 64
is configured to set the pump displacement and the motor
displacement based on the vehicle speed selected by the
vehicle speed selection section 63. Specifically, in response to
the vehicle speed set by the vehicle speed selection section 63,
the pump displacement setting section 78 is configured to set
the pump displacement, whereas the motor displacement set-
ting section 79 is configured to set the motor displacement.

The pump control section 65 is configured to add a com-
mand from the steering lever sensor 51 and a command from
the forward/rearward travel lever sensor 52 to the pump dis-
placement set as described above and convert the pump dis-
placement with addition of the commands into an electric
command. The pump control section 65 is configured to out-
put the electric command as a control signal to the left pump
swash plate drive unit 23 of the left variable displacement
pump 21 and the right pump swash plate drive unit 24 of the
right variable displacement pump 22. On the other hand, the
motor control section 66 is configured to convert the motor
displacement into an electric command and output the elec-
tric command as a control signal to the left motor swash plate
drive unit 32 of the left variable displacement hydraulic motor
30 and the right motor swash plate drive unit 33 of the right
variable displacement hydraulic motor 31.

Therefore, even if the bulldozer is operated at the high idle
engine speed, the engine speed is automatically limited to the
partial engine speed when the commanded vehicle speed (i.e.,
the set vehicle speed or the vehicle speed limit) is in the low
and intermediate speed range. Accordingly, low fuel con-
sumption can be achieved. By contrast, a required vehicle
speed can be achieved by controlling the engine speed when
the set vehicle speed is in the high speed range. Therefore, the
maximum vehicle speed is prevented from being lowered
than the maximum vehicle speeds of the well-known bulldoz-
ers. Overall, even if an operator operates the bulldozer at the
high idle engine speed, the fuel efficiency of the bulldozer can
be better than the fuel efficiencies of the well-known bulldoz-
ers while the maximum vehicle speed can be achieved on
roughly the same level as the maximum vehicle speeds of the
well-known bulldozers.

Features of First Exemplary Embodiment

(1) Even if instructed to be operated at the high idle engine
speed by an operator, the bulldozer is automatically operated
at the predetermined partial engine speed by the low rotation
matching processing when the commanded vehicle speed is
in the preliminarily set low and intermediate speed range.
Therefore, reduction in fuel consumption and reduction in
noises can be achieved without making an operator execute
bothersome operations such as switching of operation modes.
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Further, both the pump displacement and the motor dis-
placement are set for achieving the set vehicle speed when the
engine is rotated at the partial engine speed in the low and
intermediate speed range. Therefore, the vehicle speed can
reach the operator’s desired vehicle speed even when the
engine speed is low.

(2) In executing the low rotation matching processing, the
engine speed is controlled and increased to the high idle
engine speed when the commanded vehicle speed is high and
the vehicle speed thereby cannot reach the commanded
vehicle speed by controlling the pump displacement and the
motor displacement. Therefore, the vehicle speed can reach
the operator’s desired vehicle speed without changing the
hardware configuration, i.e., without enlarging the variable
displacement pump and the variable displacement hydraulic
motor.

A fuel consumption reduction effect in the high speed
range is herein lower than that in the low and intermediate
speed range. However, frequency of using the bulldozers at
the maximum vehicle speed is quite low especially in the
normal usage conditions. Further, the bulldozer is herein con-
figured to be operated at the partial engine speed in the high
speed range at which the bulldozer is frequently used. There-
fore, fuel efficiency can be improved in the entire usage
conditions.

(3) In the present exemplary embodiment, the torque con-
trol is executed for preventing the matching engine speed
from largely varying due to variation in load. Specifically,
both the pump displacement and the motor displacement are
set for keeping the matching engine speed constant. There-
fore, this is preferable to execute the aforementioned low
rotation matching processing.

(4) The torque limit is set in accordance with the engine
speed and the respective displacements are controlled for
allowing the matching engine speed to vary in a roughly
constant range. Therefore, reduction in the engine output can
be avoided even when the load varies.

(5) Inthe torque control, the vehicle speed limit is not set to
be constant with respect to pressure after the pump displace-
ment reaches the maximum displacement, i.e., in the motor
range that the motor displacement is controlled. Therefore,
occurrence of the hunting phenomenon can be prevented in
the control of the motor displacement.

Control Blocks
Second Exemplary Embodiment

FIG. 13 illustrates a control block diagram of a controller
50" of the present vehicle according to a second exemplary
embodiment of the present invention. In the second exem-
plary embodiment, only differences from the first exemplary
embodiment will be described. The same reference numerals
will be assigned to the same components as those of the first
exemplary embodiment, and explanation thereof will be here-
inafter omitted.

In the second exemplary embodiment, a set vehicle speed
correction section 68 is provided between the vehicle speed/
engine speed setting section 60 and the vehicle speed selec-
tion section 63. Further, tables of values of the pump and
motor displacements with respect to the commanded vehicle
speed in a pump and motor displacement control section 64'
are different from those in the first exemplary embodiment
Except for the difference of the tables, the pump and motor
displacement control section 64' is the same as the pump and
motor displacement control section 64 in the first exemplary
embodiment. In the present exemplary embodiment, the low
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rotation matching processing is mainly executed by the
vehicle speed/engine speed setting section 60 and the set
vehicle speed correction section 68.

The set vehicle speed correction section 68 is configured to
correct the set vehicle speed by the high idle engine speed for
allowing the vehicle speed to reach the set vehicle speed
obtained by the vehicle speed setting section 73 when the
engine is rotated at the partial engine speed. The set vehicle
speed correction section 68 is then configured to output the
corrected set vehicle speed to the pump and motor displace-
ment control section 64'. More specifically, the set vehicle
speed correction section 68 is configured to calculate a cor-
rected set vehicle speed based on the following equation
(Math. 2) using the set vehicle speed set by the vehicle speed
setting section 73 and the low rotation matching engine
speed.

Corrected set vehicle speed=Set vehicle speedx(High
idle engine speed/Low rotation matching engine

speed) (Math. 2)

The vehicle speed selection section 63 is configured to
compare the corrected set vehicle speed calculated by the set
vehicle speed correction section 68 and the vehicle speed
limit obtained by the stall prevention control section 62 (the
vehicle speed limit setting section 76) and is configured to
select the lower one of the above vehicle speeds as “a com-
manded vehicle speed”.

Asillustrated in FIG. 14, the pump and motor displacement
control section 64' includes a pump displacement setting sec-
tion 78' and a motor displacement setting section 79'. Tables
of the pump displacement and the motor displacement with
respect to the commanded vehicle speed, stored in the pump
displacement setting section 78' and the motor displacement
setting section 79', preliminarily store a correspondence of
the displacement of the variable displacement pump versus
the set vehicle speed and a correspondence of the displace-
ment of the variable displacement hydraulic motor versus the
set vehicle speed, respectively, for allowing the vehicle speed
to reach the set vehicle speed set by the vehicle speed setting
section 73 when the engine is rotated at the high idle engine
speed. In other words, the pump and motor displacement
control section 64' in the second exemplary embodiment is
the same as the pump and motor displacement control sec-
tions of the well-known bulldozers.

Features of Second Exemplary Embodiment

According to the present exemplary embodiment, advan-
tageous effects similar to those of the first exemplary embodi-
ment can be achieved without changing the pump and motor
displacement control section of the well-known type.

Further, a plurality of maps is not herein required. There-
fore, it is possible to easily cope with even such a case that the
partial engine speed is required to be changed.

Control Blocks
Third Exemplary Embodiment

FIG. 15 illustrates a control block diagram of a controller
50" of the present vehicle according to a third exemplary
embodiment of the present invention. It should be noted that
only the differences from the first and second exemplary
embodiments will be hereinafter described. The same refer-
ence numerals will be assigned to the same components as
those of the first and second exemplary embodiments, and
explanation thereof will be hereinafter omitted.
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In the third exemplary embodiment, the set vehicle speed
correction section 68 is disposed between the vehicle speed/
engine speed setting section 60 and the pump and motor
displacement control section 64' as in the second exemplary
embodiment. Further, the pump and motor displacement con-
trol section 64' stores a table similar to that stored in the
second exemplary embodiment. The third exemplary
embodiment is mainly different from the first and second
exemplary embodiments in that the motor displacement is set
through a PID control (proportional-integral-derivative con-
trol).

Specifically, the controller 50" includes a stall prevention
control section 62', a motor displacement control section
(PID control) 69, a pump displacement selection section 90
and a motor displacement selection section 91 as components
different from those in the respective aforementioned exem-
plary embodiments.

As illustrated in FIG. 16, the stall prevention control sec-
tion 62' includes the torque limit setting section 75 for obtain-
ing the torque limit based on the engine speed, and a torque
control pump displacement setting section 76'. The configu-
ration and the function of the torque limit setting section 75
are similar to those of the torque limit setting section 75 in the
aforementioned respective exemplary embodiments. The
torque limit setting section 75 is configured to set the torque
limit, which is the maximum torque usable for the HST, in
accordance with the engine speed. Further, the torque control
pump displacement setting section 76' preliminarily stores
the relation illustrated in FIG. 16 for obtaining the pump
displacement based on the torque limit Tp and the pump
displacement setting differential pressure AP. More specifi-
cally, the torque control pump displacement setting section
76' preliminarily stores the relation that the pump displace-
ment is increased in proportion to increase in the torque limit
Tp and the pump displacement is reduced in proportion to
reduction in the torque limit Tp even when the differential
pressure AP is constant. In the third exemplary embodiment,
the stall prevention control section 62' is configured to set
only the pump displacement based on the differential pres-
sure and the engine speed (torque limit) and output the set
pump displacement.

On the other hand, the motor displacement is set by the
motor displacement control section 69. Specifically, a pre-
liminarily fixed target pressure is set in the motor displace-
ment control section 69. When the motor displacement con-
trol section 69 executes a PID control as a feedback control,
the motor displacement is set for allowing the differential
pressure to be obtained by the differential pressure calcula-
tion section 61 to be the target pressure.

The pump displacement selection section 90 is configured
to compare the pump displacement set by the pump displace-
ment setting section 78' of the pump and motor displacement
control section 64' and the pump displacement set by the
torque control pump displacement setting section 76' of the
stall prevention control section 62'. The pump displacement
selection section 90 is then configured to select the smaller
one of the pump displacements and output the selected pump
displacement.

Meanwhile, the motor displacement selection section 91 is
configured to compare the motor displacement set by the
motor displacement setting section 79' of the pump and motor
displacement control section 64' and the motor displacement
set by the motor displacement control section 69. The motor
displacement selection section 91 is then configured to select
the smaller one of the motor displacements and output the
selected motor displacement.



US 9,091,342 B2

21

Next, operations in the third exemplary embodiment will
be explained.

The low rotation matching processing is similar to that
explained in the first exemplary embodiment. Further, the
processing of calculating the corrected set vehicle speed by
correcting the set vehicle speed based on the aforementioned
equation (Math. 2) is similar to that explained in the second
exemplary embodiment.

The pump displacement is set based on the table stored in
the pump displacement setting section 78' using the corrected
set vehicle speed calculated as described above. On the other
hand, the pump displacement is set by the torque control
pump displacement setting section 76' of the stall prevention
control section 62' using the torque limit Tp and the pump
displacement setting differential pressure AP.

The smaller one of the two pump displacements set as
described above is selected by the pump displacement selec-
tion section 90 and is transmitted to the pump control section
65. The subsequent processing steps are similar to those in the
aforementioned respective exemplary embodiments.

Meanwhile, the motor displacement is set based on the
table stored in the motor displacement setting section 79
using the corrected set vehicle speed. On the other hand, the
motor displacement is obtained by the motor displacement
control section 69 for allowing the differential pressure AP to
be the target pressure.

Subsequently, the larger one of the two motor displace-
ments set as described above is selected by the motor dis-
placement selection section 91 and is transmitted to the motor
control section 66. The subsequent processing steps are simi-
lar to those in the aforementioned respective exemplary
embodiments.

Features of Third Exemplary Embodiment

According to the present exemplary embodiment, advan-
tageous effects similar to those of the first exemplary embodi-
ment can be achieved without changing the pump and motor
displacement control section of the well-known type.

Further, the motor displacement is set by the PID control in
setting the motor displacement for avoiding lack of power in
working of the bulldozer. It is thereby possible to accurately
and reliably set the motor displacement to be a desired dis-
placement.

Yet further, the motor displacement is determined by the
PID control. It is thereby possible to further reliably prevent
occurrence of the hunting phenomenon than the first and
second exemplary embodiments.

Other Exemplary Embodiments

(a) In the vehicle speed limit setting section 76, the pres-
sure is set to be reduced in proportion to increase in the
vehicle speed limit in the range that the motor displacement is
controlled. However, the pressure may be constant with
respect to the vehicle speed limit. In this case, it is possible to
substantially eliminate the variation range of the matching
engine speed represented in FIG. 12.

(b) The partial engine speed, the high idle engine speed, the
set vehicle speed and the commanded vehicle speed,
described in the aforementioned exemplary embodiments,
are only illustrative and values thereof are not necessarily
limited to the aforementioned exemplary embodiments.

(c) In the third exemplary embodiment, the displacements
including the pump displacement are set by correcting the set
vehicle speed. However, the displacements may be respec-
tively set using the pump and motor displacement control
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section 64 storing the table similar to that in the first exem-
plary embodiment without correcting the set vehicle speed.

A hydrostatic transmission vehicle equipped with a hydro-
static transmission is herein allowed to constantly execute
stable works while inhibiting variation in the matching engine
speed due to a travelling load.

What is claimed is:

1. A control device for a hydrostatic transmission vehicle
equipped with a hydrostatic transmission including a variable
displacement pump to be driven by an engine and a variable
displacement hydraulic motor to be rotated by a pressurized
oil from the variable displacement pump, the control device
comprising:

a vehicle speed setting section configured to set a set
vehicle speed based on both a forward/rearward travel
command and a gear stage command instructed by an
operator,

a hydraulic sensor configured and arranged to detect a
pressure in a hydraulic circuit including the variable
displacement pump and the variable displacement
hydraulic motor;

atorque limit setting section configured to obtain an engine
speed and set a torque limit usable for the hydrostatic
transmission based on the obtained engine speed;

a vehicle speed limit setting section configured to set a
vehicle speed limit based on the detected pressure in the
hydraulic circuit and the torque limit set by the torque
limit setting section;

a vehicle speed selection section configured to select a
lower one of the set vehicle speed set by the vehicle
speed setting section and the vehicle speed limit set by
the vehicle speed limit setting section; and

a pump and motor displacement control section configured
to control respective displacements of the variable dis-
placement pump and the variable displacement hydrau-
lic motor based on the vehicle speed selected by the
vehicle speed selection section.

2. The control device for a hydrostatic transmission vehicle

recited in claim 1, wherein

the vehicle speed limit setting section includes a table
representing a relation between the vehicle speed limit
and the pressure in the hydraulic circuit,

the table sets a lower speed range of the vehicle speed limit
as a pump range where the vehicle speed limit is set for
controlling the displacement of the variable displace-
ment pump, the table setting a higher speed range of the
vehicle speed limit as a motor range where the vehicle
speed limit is set for controlling the displacement of the
variable displacement hydraulic motor, and

the motor range allows the vehicle speed limit to be
increased in proportion to reduction in the pressure.

3. The control device for a hydrostatic transmission vehicle

recited in claim 1, wherein

the hydraulic sensor includes a front hydraulic sensor con-
figured and arranged to detect the pressure in the hydrau-
lic circuit in a forward travel and a rear hydraulic sensor
configured and arranged to detect the pressure in the
hydraulic circuit in a rearward travel,

the control device further includes a forward/rearward
travel lever sensor configured and arranged to detect a
travel direction of the vehicle and a differential pressure
calculation section,

the differential pressure calculation section is configured to
calculate a front-rear differential pressure either by sub-
tracting a detection value of the rear hydraulic sensor
from a detection value of the front hydraulic sensor in
the forward travel or by subtracting the detection value
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of' the front hydraulic sensor from the detection value of
the rear hydraulic sensor in the rearward travel based on
a result detected by the forward/rearward travel lever
sensor, and

the vehicle speed limit setting section is configured to set
the vehicle speed limit based on the front-rear differen-
tial pressure calculated by the differential pressure cal-
culation section.

4. The control device for a hydrostatic transmission vehicle

recited in claim 3, wherein

the vehicle includes a left travel unit and a right travel unit,
the variable displacement pump includes a pump for
driving the left travel unit, and a pump for driving the
right travel unit and the variable displacement hydraulic
motor includes a motor for driving the left travel unitand
a motor for driving the right travel unit,

the control device further comprises a steering lever sensor
configured and arranged to detect a rightward/leftward
steering stroke,
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the differential pressure calculation section is configured to

calculate a left front-rear differential pressure based on a
detection value of the left front hydraulic sensor and a
detection value of the left rear hydraulic sensor, to cal-
culate a right front-rear differential pressure based on a
detection value of the right front hydraulic sensor and a
detection value of the right rear hydraulic sensor, and to
calculate an average front-rear differential pressure by
respectively weighting the left front-rear differential
pressure and the right front-rear differential pressure
with a result detected by the steering lever sensor and
then averaging the weighted left front-rear differential
pressure and the weighted right front-rear differential
pressure, and

the vehicle speed limit setting section is configured to set

the vehicle speed limit based on the average front-rear
differential pressure calculated by the differential pres-
sure calculation section.
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